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ABSTRACY

Electrochemical studies were performed on 1aNig  Sng with 0 <x < 0.5 We measured the
cffect of the Sn substituent on the Kineties of charge tansfer and diffusion during
hydrogen absorption and desorption. and the cyclic lifetimes of 1aNis (Sny electrodes in
250 mAh laboratory test cells Werepori beaeficial offects of making small substitutions
of Sn for Ni in LaNis on the performance o the metal hyditde alloy anode in tetms of
cychic lifetime, capacity and kincties  ‘The optimal concentration of Sn in 1.aNis. Sny
alloys for negative clectrodes i atbaly crec iangeable secondary cells was found to lic in

the range 0.25 <x <03,
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INTRODUCTION

The use of metal hydrides (MI]) as nepabve electrodes in alkaling 1echargeable cells is
becoming, incr casingly popular, owi ng 1o advanta ges of the metal hydrides over
convent tonal anode maternials (suchyas /11, (d) inspecific encipy, eyclic lifetime and
environmental compatibility. The similintiesin the cell voltage, pressure  characteristics
and charge control methods of the Ni-Milcell<tothe commonly uscd Ni-Cd cell suggest
that Ni-MHcells may take over a good fiaction of the rechargeable battery market for

consumer electronics in the nextfew years

Two classes of recta] hydride alloyscurentlybeing developed ate those based on rare
carth metals (ABs)"? and on carly tiansitionmetals (AB,) . Although AB, alloys are
reportedto exhibit higher specific cncigy thantlic ABs alloys, state-of-the.a] t commercial
Ni-MH cells predominantly use AB< @l loys ‘o he ABg alloys arc based on 1.aNis with
various substituents forl.a and NI hesystamatic eftects of these alloy modifications,
and the rcasons for these cffccts, atc actve topics of esearcle. Animportant goal of an
alloy modification is toincreasc the hfctime of the MH electiode under cl~arge-discharge
, -
cycling. Jthas been found that the cyche hfeimeis aflected by the alloy modifications,

but it is not clear why. Impioved cydlic Dicetimes with Co substitutions have been

attributed to a 1educed volume change upon by drogen absotption and desor ption.! Sakai,

N
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ct al *studied various ternary substitotion - for Niinla Nig, andreported that the cyclic
lifctime improves with the teimnaty substitvents studied in the orderMn < Ni <Cu <Cr <
Al < Co. It has also been suggcsicd thetthe substitution of therare carth metal with Ti°,
71° 01 other lanthanides such as Nd'/ng fnay ptomote the formation of ‘zlz;.protcctivc
Sill face film and enhance the cyclic ifctin - This is auspicious for the use c;f r;]ativcly

inexpensive misch metal, Mm (anatiially occurnng mixture of 1are carth metals 1.a, Ce,

Prand Nd) for 1.a in alloy formulaticns so nas (Mm)(Ni- Co-Mu- Al *°

The beneficial effectof the substitucats foreitherl a orNivis often accompanied by an
undesirable decrease in the hydi open ab o1 ption capacity, long activation and slow

10,11 W C

kinetics of hydrogen absorption anddesorption 1 our recent communications,
described the advantages associated vithusimg Snas a ternary substituent. The addition
of small amounts (3.3 at%)of Snimpmoves the eycle lifeand the kinetics of absorption
and desorption, with a marginal reduc von iy the speaific capacity  The specific capacity
of 1.aNiggSng, is about 300 mAl/p andisretained well dunng, charge-discharge cycling,

12 In

The benefits of alloying with Snhavealso beenrealized inmult -component alloys.
this paper, we present resultsfiornfu therstudies 011 the. Sn-modified 1.aNig alloys of

differing Sn concentrations. JTicse studies were aimed at identifying the effect of the Sn

additive on clectrochemical charactaristics of the metal hydude alloys, including the
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kinetics of charge transfer and diffusion duniy g the hydriding process, and cyclic lifetimes

i 250 mAbh laboratory test cells.

EXPERIMENTAL,

The 1.aNis,Sny alloys were prepated by either are-melting o1 induction-melting
stoichiometric amounts of each metalNicke! (99.996), and Tin (99.999%) were obtained
fromJohnson Matthey, MA  USA andl.anthanum (99.99(%) was obtained from Johnson
Matthey, UK. The samples withx 04 & ().5 originally produced by Hydrogen
Consultants, inc., Littleton, CO were tt ¢ atedinthe same manner as all other alloys, which
were produced at Caltech. Toinsuichomopcneous distiibution of Snin the alloys, the
ingots were subscquently anncaledinvacaum at950°C for 72 hows. The annealed ingots
were then crushedto 10 mesh in anw gom glove box, foll owed by a single hydrogen
absorpti on/d csorptioncycle toactivete the alloys and to obtain alloy powders of
optimizedsurfacecarea. The chemical comp.sition and hom ogencity of the alloys were
characterized by X-ray difftactometr  yX-1ay data weie obtained with an INEI, CPS-

120 powder diffractometer using, CoKaoradiaion (A= 1.7902 A).

L

"

Piessure-compositionisotherms wer ¢ obtained for 1 .aNis  Sn, alloys by using a modified

gas-manifold Sicver Us apparatus descn hed previously ' The electiode powder mixture
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contained 76% M1} alloy powder ¢+ 7him1),  19% INCO nickel powder (1jun) as a
conductive diluent, and 5% ‘I'eflon binder - The electiodes for the eyclic lifetime studies
(arca:254 X 2.54 cm)wceieiabnee tedby hot-pressing a1150°C and 10,000 psi,
approximately 1.3g of the mnxtwe (1 Miipowder) onto an expanded Nl sgreen. For
the basic electrochemical studics, recessed cylindrical cavity BAS (13i0-/\‘r“|alylical
Systems) disk clectrodes were hand packed with approximately 110mg of the electrode
powder mixture (as in a paste electiode) o ensure consistent values for the electrode area
(0.09 em?) and porosity. NiOOT ¢lacio s from an acrospace Ni-Cd cell, supplied by
Fagle-Picher, formed the counter eleciade ineach type of cell A three-clectrode flooded
open cell with a Luggin capillary for t1e Ha/HeO 1eference clectiode’ was adopted for
the basic eclectrochemical studics (basiccll) Lo the cyclic hfetime studies, the same
components were assembledim s puenatic plass cell with nylon (Pellon 25 16) separator.
Teflon shims were used to proviae ad quate compaction to the clectrodes  The
clectrolyte contained 31 w% KO solotion proeps red with twice-distilled low-
conductivity water, Although these werenatsezled Cells, aviton O-1ing seal did enable
the cells to reach pressurslightly «hove atimosphene conditions  Flectrochernical
measurements (DC) were perfonned wihan 1 G&G 273 Potentiostat/Galvanostat
imterfaced 1o an IBM-PC, usine 1 G& G Contosion Softwaie 252, AC impedance
measurements were carned out with the TG&G 273 Potentiostat and Solartron 1255

Frequency Response Analyzer, vsing b Ga G lmpedance software 388 Cycling of the
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prismatic cells was carried out with an eutomatic battery cycler made by Arbin Corp.,
College Station, TX. The cycling conditions include a discharging at a constant current of
12.5 mA/em? (150 mA/g, C/2 vate) to -0 4 V vs. He/BlpO. Charping, at a constant current
of S mA/em? (60mA/g, C/S rale) was peifoimed 10 a charge return of 115% to ensure

complete charging of the metal hydude clectiode.

RESULTS AN [) DISCUSSION

X-RAY DIFFRACTOMETRY

X-ray diffractometry was uscd to chiaractcnize the. microstiuctuie, measure the lattice
parameters, and verify the phase composition of the Ml alloy. Figure 1 shows the
diffraction patterns of LaNis, Snalloys wit different Sn compositions, x. The X- ray
diffraction patierns confirmed that alloys voith Sn compositions up to x = 0.5 weie
entirely the (laOs-type Haucke phase. Withincreasing Sn concentration, the diffraction
peaks shift to smaller angles (as illustialed 111 the msert), nnplying an increase in the

latlice parameters
,

"

IsoTHERMS
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To understand the hydrogen absorption wnd desorption charactenstics of the alloys,
pressurc-composition isothenns were ricaured. Such isotherms were obtained both in
the gas phase and in the clectochennial envitonment  Inaddition, independent
measurement of the gas-phase 1sotheins for several of these sane alloys wcu, made by

1.uo and co-workers.'>1% Good agreemnent i the isotherms was found in all the cases.

1 lectrochemical (EC) isother ms wer e constructed fromthe equilibrium  electrode
potentials atdifferentstages of hydicucnesorption or desorption These are similar to
coulometric titrations carricd out on the batery electrode materials.!”  The equilibrium
clectiode potentials are related to the cquilnsium hydiogen pressure, ' Py, by the Nernst

equation:

B, (vs. HeOMlg) 00324, () 0291log(Py ) (1)

The HC sotherms differ slightly o the gas phase isotherms duning absorption n that
the inflection in the pressurc st the codolabsoiption is ebsent, possibly because the
internal pressures are limited 1o 1 atmosphaie in the basic cell The discharge isotherms,
on the other hand, bear a greater 1e~emblince to the gas phase isotherms. The plateau
pressures caleulated from 1:C isotherms during chaige and dischaige arc generally
comparable to those measured by pas phiac isotherms. Figure 2 shows the EC isotherms
during hydiogen absorption (chaipe) ard desorption (dischaige) of LaNig Sn, alloys with

0.1 <x <03, along with a representat ve pas-phase isotherm of 1 aNis. The changes in the
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plateau pressures during absorption and desoption with a change i the Sn concentration
are shown inFig.3."”” 11 has becnno ed thitinacasing amounts of Sninduce a lattice
expansion that is linear with Suconpositicr %27 The logarithric decrease in plateau
pressure with increasing unit cellvolune scoa here is consistent with the observations of
Gruen, et al”* As  also  shown in ) ihehysteresis betweenthe absorption and

desorption isotherms of 1.aNis is 1cducedinthe Sn-substituted alloys,

11 YDROGEN ABSORPTIONCAPACITY

The hydrogen absorption capacitics of the [=Niq,Sn, alloys were measured both in the
gas phase and electrochemicel cnvironmne (s, as summanzed in Fig. 4. Upon  Sn
substitution, the specific hydrogen absorpton capacity celculated for 1.aNis.,Sn,H,
decreases marginally owing to the mass of “natoms A's the Sncomposition increases,

. . . . . 51672
the intrinsic capacity, as measuredin the ;v_awphasc' e

is incicasingly smaller than these
formula values. To determine the disclizaye capacity, all the el ectrodes were charged
initially at 22 and S mA/em? (22.8 and 60 mA/g) in the disk andprismatic electrodes
1(:3])(tciﬁvgy, to about 400 mAl/g  This over harge of about 20-40% was used to ensure a

complete Rydiiding of the electiodes Thae vinoinflection in the charge potentials at the

end of charge owing to the hydiogen evoluticn reaction occutning at the same potentials.
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After charging, the disk and prisinanic cloctiodes were dischaged at 44.4 and 12.5 mA/em?

(36.4and 150 mA/g), respectively, to 1S Vovs 1 1p/HgQ) The discharge capacity
improves significantly with the initial incre e in Sncomposition (Fig 4). The disparity
in mecasured capacities between bhacicand prismatic cells could result from ;_g]umbcr of
factors. The basic cell was limnited to atmo phenc pressure, whil(:thqnismali(: ce_lls were
able to contain pressures slightly ab ovestimosphenic. The capacity for the basic cell is
taken from the first cycle, while the prisinziic value is tak enat the maximum of the cyclic
lifetime curve, implying incomplete Mt powder activation in the disk clectrodes.  The
disk clectrodes were also thickeithantnos: In the prismatic cells (3175mm vs -1 mm)
and experienced a larger currentdensiy peunitaiea  The clectiochemical capacity of the
binary alloy is particularly Tow idiapts chaigimg, sigmficant hydrogen evolution is
observed to occur on its surface, which secas to be favored ovar hydrogen absorption. A
similar difficulty in the charging of th ¢ by alloy has beerriecently reported by Wasz et
al., which they overcame by operating thei cells at lower teinperatures.’” The maximum
discharge capacity measured in pusmat e ¢oJls was shightly over 300 mAh/g at a discharge
rate of C/2, which is an tmpressive valucloran ABs alloy  Forexample, some of the
state-of-the-ar(, mischmetalbascd A1 3, NMiTalloys evaluatedat 1P showed a maximum
,
capacity of 250-275 mAh/g " Apailicmn the case in charpeability, the low plateau

p ressures induced by the Snosubsintien resultin Ni- Ml cells of low operating

pressures and low self discharpe
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The discharge potentials decrease with aioner case n the Snoconcentration. This i s
expected from the reduced platcaupressure withimcreasing Snconcentrationin the  alloy.
The charge potentials were lower thar the cquilibiium potentials calculated with Eq 1.
1lowever, t h e deerease in the de tiochemical capaci ty  of alloys with high Sn
concentrations is significant compared 1o th e decrcase in the caleulated capacity or the
hydrogen absorption capacitics meesus edwiii gas phaseisothcrms  ¥rom an examination
of the observed mid-point potentials tat ¢ (fiom the dy mamic discharge curves in the basic
cell and the corresponding cquilibiium potertials caleulated from the desorption plateau
pressures (Fig S), it is clear that the dischar - overpotentials tend to inciease at high Sn
compositions, especially forx >0 I Ins behavior prompted us t o carry out

measutements on the kinetics of clectrod-cmicalhydiiding of] .aNig,Sn, alloys.

KINETICS OF HYDRIDING

DC Polarization

The ki;lxcéircs of hydrogen absorption/descipt o may be slowed by the alloy substituents,
For example, clements forming sw fuce fihne nay alte the kinetics of charge tiansfer at, or

transport of hydrogen through, the suifzco1evions. To determine the effects of the partial

substitution of Ni with Snon the charge ud discharge kinetics, DC polarization and AC
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impedance expermments were per for ned o disk ¢ Tectiodes macle with the M1 alloys.
Micropolarization and Tafcln e isarem. nts were performed on the alloy s under
potentiody namic conditions atscmrates o 0.02 mV/s and 05 naV/s, respectively. The
scan rates were so chosen 1o provide nesr sicady state conditions with 11‘1i11it1\e;'!;.cl)a(1gcs in
the state of charge of the clectiode ¢ it ~uface condittons. Although these tests were
done in open cells, the results should Le valid for scaled cells as well, because additional
experiments on the x = 0.2 alloy have domonstrated that the kinetics as mcasured by

micro- and Tafel polarization arc fmiriv - pendent of the state of charge of the material.

Figure 6 shows the micropolatization cainves of the LLaNio S, alloys. These curves arc
reasonably linear and spread out ow ny to the diflerence intheirequilibrium  potentials.
The potential of the binaty alloy i les anodic (negative) than expected fr o m the
calculated equilibrium potentials  This iy be caused by its lower state of charge in the
unscaled cell configuration Vhe valucsof theexchange currents estimated from the slopes
of micropolatization carves of diftercut hill alloys show aninteresting trend (Fig. 7 and
Table 1). The exchange current (1) incrcases imtial lv upon Snosubstitution fiom 0.77 mA
for the binary alloyto1.35mA Torthe i oy with x 0.1 Further addition of Sn
;
decreases the exchange current. Nev thielss the kineties of Sn substituted alloys arc
supetior to those of the binary alloyv 1o S compositions of x < 0.3 in unsealed cells.

With Sn compositions of x > 04 the netos of hydiogen absorption and desorption arc
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sfowed considerably, and are cven slower tan in the binary alloy. The increases in the
polarization resistance at highai S conce irations may be caused by an incomplete

activation of the M1 alloy, as discussed i the section on eyclic lifetimes.

To determine the kinetics of absorptioranddesorption, Tafel polar ization measurements
were made 011 the LaNig 4 Snyalloys  Figoie billustrates  the Tafel bebavior, corrected for
mass transfer, of various alloys duning charpeand discharge.  The over potentials at any
current density can be seen to dect case viponthe initial substitution of Sn, butincrease at
the highest Sn concentration. The cathodic ‘1 afel plot of the binary alloy is complicated
by the hydrogen evolution reaction, which o< urs at the same potentials as the hydriding
reaction, resulting in two distinctslope. The simultancous ocoutt ence of the hydrogen
cvolution may 1esult in fluctuations inthe clediode potentials from  he continual forming
and bursting of hydrogen gas bubbles (3 1« he elect ode sw face  Such probl ems are
fortunately absent with Sn-substituted allovs, ind the “J afel curves are more reproducible.
in any case, for the Tafel polatization expeiments, the potential was scanned from
extreme anodic (positive) valuestorhe ¢ thodic (negative) values, 1o avoid the

uncertaintics ansing from hydrogen bubbles adnciing to the su face of the MH electrode.
E

The Tafcl polanization curves indicate stioneess transfer effects athigh cuirents. The

limiting currents may be related to the low so c-statcdiffosion of hydrogeninthe M 11
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clectrode. The limiting curtents are e s ed @ separate potentiodynamic experiment
ata potential 400 mV more positive thanthe equilibiium potential, and are listed in 1'able
1 The diffusion limiting curient on dischat 2o is highest fora Sncomposition of 0.1 <x <

0.2 (in the range of 500 mA/g) and i~ o duced at high Sn-compositions. ;leirlg the
mecasured limiting current, the Tafcl plots ¢ rbe corrected for the mass transfer “eff:acts by
plotting the logarithmof 1/(1-1/1,,,, ) aramst the electode potential. The corrected Tafel
plots arc more lincar(Fig. 8) Thee .changecunent density and transfer coefficients for
hydiogen absorption were calculated stomthe intercept and inver se slope of  the corrected
cathodic Tafel plots, respectively It conesponding  cocflecients for hydrogen
desorption were calculated fromthe corrected anodic ‘1 afel plots The absorption
exchange cut rent increases upon Snosubstitution and shows a maximum at a Sn
compositionof x= 0.2 (Fig 7. Table 1) 11 ¢ desorption exchange current improves more
significantly upon Snsubstitution, but has & maximum near x 0 1. Nevertheless, the
Kinctics of desorption continues to behetter [ban the binary alloy forx < 0.4, ‘'he Tafel
slopes show aninteresting iend — the slo,¢ for the absorption process decreases with
inct casing Sn concentration, wher cas the slope forthe desorptionprocess increases  ('1'able
1). The change in both the patameter isle~s marked for x> 0.2 1t is interesting to note
that the cquilibrium potentials (calculased from the logatithmof the plateau pressures)
also decrease with increasing Sncone nhat on. 1t1s known’ that lower plateau pressures

facilitate absorption, whercas hiocher Hlitee 1 pressues are desirable for desorption. The

VB
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transfer cocfticients during absor ptron caledlated fiy omn the Talel slopes increase with
incteasing, Sn composition fiom O ?4finx 0 100.25, 0.32, 0.34,0.35 and 0.4 for x
valucs of 0,1, 0.2, 0,3, 0.4 and 0.5, 1csp.chvely. The cotresponding, t ansfer coefficients
during desorption, however, decr case withiner casing, Sncomposition, from 0.55 for x = O

to 0.32, 0.27, 0.28, 0.26 and 0.20

AC Impedance

1 {ectrochemical Impedance Spectioscopy  racasut eime nts wer ¢ inade on mixed anode.
powders in the charged state. The powders v eieactivated by gas- phase absorption but
were not electrochemically cycled  The ACimpedance data were obtained in the
frequency range of 100 kllz 105 mtir ata Jov AC amplitude of 2mV. The impedance
plots of 1.aNis. Sn, alloy clectiodes areshownin the Nyquist ot Cole-Cole form in Fig. 9.
As may be seen in this figwe, the napedance decreases noticeably up on initial
substitution of Sn but increases forx. 0 1. ‘1 hi¢impedance datawere analyzed using a

75

genceralized equivalent ciroult adopted forthe Ml electr o(1e,”” shown in the insert. The

capacitive camponents labeled by Q arenmuxieled as constant-phase elements (CPY) to
)
describe the depressed natuie of the semi-chiddes?® Ry is asaibed to the electrolyte

resistance between the MI] electiode and the e ference clectrode. 'The semi-circlein the

high frequency 1 egion, reps esented by 1{, and Oy, 1¢sults from the ¢ ontact resistance
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between the cu rrent collector and e ction bonded ¢l ectrode The contactiesistance anti
capacitance between the particlesof thopliastic-bonded metalhiydnde powder, generate
parameters Ry and C3. The senn cuicte mothe Tow frequency region, modeled by R, and

ar

Qq, 1s atuibuted to the reaction (chinry translery resistance andthe d~lblc-layer
capacitance, 1espectively. The difyuaons nnpedance, Wy is the Watburg ir;pgdance,
which is a parallel and/or series con bin sion of diffusional resistance and pseudo-
capacitance.  The observed inpcdance poaterns of the M+ clectrodes (Fig. 9) arc

simphified by the absence of adiffusi 11111 (ynponent 41 he parametersin the equivalent

citeuit were caleulated by a non-line wlcstvquares 1t using the Boukamp method.?”

The exchange current caleulated £y orvthie charge transfer resistance decreases initially
upoir the substitution of Snbutincicises fuSncompositions x> ().4 (rl’able 1). The
trend is similar to that observed mthe DCypolatizationexpeniments. It is thus clear that
tile kinctics of hydriding improvesinarkedh upon Snsubstitutionin 1 .aNisSny, at least
for x < 0.3 Higher amounts of S wee o 10 cause slugeish kinetics for hydrogen

absot ption and desorption. T1is behaviois ¢ arently beimng studied inmore detail.

CYCLIC LAFETIME
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Finally, the performance of the M allovs duning char ge-discharge cycling was evaluated
in 250 m Ah, negative-limited, prismat ¢ labowatory test cells A lthoughscaled cells are
typically positive-limited in orde toutilize en overcharge mechanism, the present
partially scaled cells were designed in the nesative-limited confipuration (with a deficit of
MI1) 1o investigate the life-liltlililt~", :ncchan sills of the M1 1 clectrode.  The cyclic
lifetimes under these accelerated test comditions ate expected to be shorter than in sealed
commercial cells, butthese tests should be appropriate for comparative evaluation of
cychic lifetimes of different mctathydiide clect tode matenals with plateau pressures

slightly g1cater than atmospheric, o1legs,

‘The cyclic lifetime of cells contsimng 1.aNi<,Sn, metal hydiide alloys are presented in
Fig 10 Thisfigure shows that the iniic! ¢ ipacity increases with an increase in the Sn
composition] ).” Weattribute the lower capecitivs of the Sn-pooralloys to their high plateau
pressurces, which were around 1 atin - Since o cells operated only slightly above 1 atm.,
incomplete charging is expected for the slloyswith x < 0.2 Howey e, the mitial capacity

declines again for Sn concentrations higlwi than 6,’/ at%, orx > 04 While suppressed

hydrogcn*ab sorption/deso rption kinetics conld also be responsible for this trend at high
Sn concentrations, we attribute this efd veito the loss of intrinsic capacity of the alloy,

incomplete activation, and the low desorption pressuies of the slloys. As evident in
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Figure 4, Sn compositions of 02 <« = 03 piovide the highest imtial capacities of
approxtmately 300 mAh/g.

W

11 may be noted that our alloys all expeticiice a shoiter eycliclifetime than those -achieved

1227 qud this can be sttributed (o the stie nuous cycling conditions

by other expertmenters,
used to test our cells. The deep discharpe to -0 SV vs 1 1g/Hp() accelerates the 10ss in
capacity,® compared to the -0.7V (11 tennced. ™" The high applied current density,
normalized by arca, and the laipe p opornon of active material used in the electrode
powdermixture contribute tothe oflectiv e current density oxp crienced by the M H

powders being very large. Webchievethat these factorsiepresentmore accurately the

lifetime the M1 alloys will abtainin ( ¢llsranufactured forconsumer use.

Fach cell was subjected 1o 200 chinge- distrge cyces. Thectention of capacity was
found to improve with increasing S composition  Aften 00 charpe-dischatge cycles,
alloys with x= 0.25 or 0.3 exhibitcapac lies mexcess of 200 mA hig, an impressive
number when compared to the state (" e ZVimNia<Cog Mg Al MIT alloys evaluated
atIPL2* (M min¥Fig. 10). It isinteresting 1o note tha t alloys with high Sn compositio‘ns
(x > 0.4) show long activation cycles taking longer to achicve maximum capacity than
alloys with x <0.3. This was confinned by activating a sample with x = 0.4 by thermally

cycling it with hydrogen 5 times before cloeatrochemical cyching Data fiom this sample
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arclabeledas 0.4a in Fig 1 (). ‘Das senple was used for the capacity mcasurem ent in
shown in Fig 4, but the curve inlap 1Clah eled 0.4 shiould be vsed to study the capacity
degradation. We arc currently studying, tnirore detail how incomplete activation affects
the alloys’ charge/discharge kinctics, butthe ~~lc.sent Ic.suits should be valid for powders

with a singlc gas-phase activation, I he fifctiic capacity i cells withx ? 0.4 exceeds that

of cells with 0.2<x<0.3, as evidenced by thodifetime curves after150 cycles,

CONCI1 USIONS

The substitution of smallamounts of Snfor N on 1 .aNis improves nmany characteristics of
the metal hydiide anode in partially scaled prismatic slkaline 1echargeable  cells.
Specifically, the chargeability is nproved owing toreducedabsoiption plate.au pressures.
The hydrogen absorption capacity of the ) aNig, Sn, alloys exceeds 300 mAlW/g, an
impressive number for an ABsformulation  I'1ie kinetics of hydiogen absorption and
desorption are improved markedly compeied 1o the binary alloy, although at high Sn
concenti ations the improver nent is less cvident, possibly resulting fiom incomplete
activation. The capacity retention dining charge-discharge eyching is significantly

enhanced Fuch that the cyclic hifctime ¢isn - ubstituted alloys is comparable to some
multi-component, Jnisch-metal basedaliovs ‘1 mcompositionsintherange of 0.2 < x <

0.3 appear to be optimal for high capacitie- leno, eyclic lifetiine and improved kinetics.

We sugoest that higher Snocomposiions (0 < % <2 0.5) may be favored for high
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temperature applications The simp 1. ooy chemistry and absence of” Co in these all oys
gives them an advantage over the MaNiCoMnAls alloys now being  produced

commercially.
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FIGURE CAPTIONS

Fig. 1: X-ray diffraction patterns of lahio Stoalloys. Theinser | snows the difTraction

peaks shifting to smaller angles with incicasing Sn composition.

!

Fig 2: p-c-Tisotheims of LaNig ,Sn, alloys Plectiochemical (0,8 x= 03: 0,6 x= 0.2

(,mx = 0.1, open - charge, closed . dischiige)and gas-phase (- »:0.0)
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g 3- Vanation with the Snocompos i in1.aNis, Sn,alloys of unit cell volume (1)

and platcaupressurc for 300 Kabsoration <) and desorption (@ ).

Fig 4 1lydrogen absorption capa ity «f 1 .aNis ,Sn, alloys measured with Sieverts’

v

appatatus, pnsmatic cell clectrode, dizk cleteode, and formula capacity for }]{mlmtio of
1.

Iig 5 Variation of mid-point dischape potentials  of' (li sk elect 1odes and the
cor responding equilibrium potentials cacustedfrom the desorption platcau  pressures,

Fig 6 I.incar polari zation cui ves of ¢ N1, Sy alloys.

Fig 70 variation of the exchine conrentdensity  fiom measurements by DC

micropolat ization (W), AC Impedanc e (% ), Anodic Tafel polaiization (*) and Cathodic

Tafelpolarization (---).

Fig.8: Tafel polarization cuives withmesstiansfer corrections of 'LaNi s, Sn, alloys.

Fig. 9 1 ilectrochemical Impedance spectroscopy (EIS) cunves of 1.aNis Sn,. nsert
shows equivalent ¢circuit

Fig. 10 Cyclic Lifetime behavior of L-Nig sng alloys with compatison to the best Misch-

metal based, multi-component alloy eva'nated at 1P (ref. 24)
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